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ABSTRACT

The Complex models of high-temperature gas are used

at mathematical modeling movement of a body in the
atmosphere with a large speed. The model of an
equilibrium mixture of radiating components allotes
estimate a radiation flux in an optical range of
frequencies. Now this value can be the importantc®

of the information on characteristics of a body itm
descent trajectory. In particular, calculation dfux of
optical radiation from shone object is the central
problem in meteoric physics.

Earlier, it was considered in the literature that
luminosity of a body at its movement in the atmasgh
with large speed is defined only by radiation gbeaof

a body material, arising owing to evaporation & it
surface. The integral from luminosity long time was
used as a unique way of definition of extra-atmesigh
mass of meteoric body. On the other hand, the wfaas
meteoric body characterizes height and intensitytsof
braking in the atmosphere. In a number of works the
essential divergence of masses received by these tw
ways was marked [1]. In the paper, other treatmént
luminosity of high-speed object in the atmospheia,
connected with its evaporation, is resulted.

1. BASIC FEATURESOF THE MODEL

We consider volum&V of hot gasjnside of which there

is a solid body with a surfac&. The point of

observationN is outside of the volume. Following

assumptions are accepted:

- Gas in the volume is in local thermodynamic
equilibrium with known absorption coefficierw,
which changes inside W.

- The surface of a body has constant temperatbire T

- The degree of blackness of a surface is equal to
unit.

- The space between point N and volume W is filled
by cold gas which completely passes radiation in a
range V1, v2] also absorbs radiation on other
frequencies.

Under these conditions, a radiatifhmx g from volume

of hot gaswW and a surface of a bodyin the point of

observatiorN is givenby formulas [2]:
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Here |, is the intensity of radiation depending on a
direction of a beamB, is Planck's functionl,, is the
intensity of radiation of border inside volurvé

At ground and satellite observations of bodies
movement in the atmosphere, practically always, the
size of area of a luminescenteis much less than
distanceL up to a point of observatioN. Then the
source of a luminescence is almost a dot light Gmur
Expression forg becomes considerably simpler. We
shall substitute expression for under an integral. We
shall pass from integration on a solid angle to
integration on part of the surface of the shonauva
s, turned to the observer. We receive following
expression for a stream of radiant eneggy the given
spectral interval\j;, v,
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Here W™ is a part of volumeW, visible from

point N.

N

SCHEME OF THE FLOW PAST BODY

In this section, sites of fireballs trajectories the
Earth’s atmosphere, on which the flow past bodyuosc

in a range of fluid dynamics, are considered. Qagta

for a substantiation of the model applicability,is
necessary to have even the minimal data on
characteristics of the meteoric body. It is possitd
receive these data only as a result of correct



interpretation of shone sector of the trajectorinds
and the analysis of a meteorite after falling cdesably
raise reliability of these data.

A removed observer can perceive three basic
sources of a meteor radiation:

- Radiation of atmospheric gas in the shock layer
about a body.

- Radiation of vapor of a body material or other
products of destruction.

- Radiation of a body surface.

Here the first and third light sources are consder
only. At a flow past body in a range of fluid dynam
temperature of vapor is appreciable below than
temperature of the compressed gas behind a steswd) h
shock wave. The temperature of the body surfaceisls
low. However, the form of a spectrum of a solid o
visible area absolutely other, than the form of a
spectrum of vapor.

The following elementary form of the flow region is
accepted. The meteoric body is considered spherical
with radiusR. The area of a wake behind the body is
replaced with the impenetrable cylinder of radRs
Fields of pressure and temperatures for calculatibn
optical characteristics are defined as follows. tA¢
beginning, the flow about sphere down to its middle
section is calculated. The flow of the cylinder rikd

on sphere further is calculated. At last, paramsetdr
gas in the wake are considered equal to their gabue
external border of the wake, taken of the previous
calculation.

3. OPTICAL CHARACTERISTICSOF THE
RADIATING MEDIA

The site of a spectrum forming the image on a
photographic plate is considered. The analysisatd df
work [3] shows that the most probable interval of
frequencies in observations is the following:H 18500

— 26300 crif]

Simple estimations due to tables of optical
characteristics of air [4] show that optical thiekst of
the shock layer in a frontal part of a body in tlasge

of frequencies is very small. So, for the firebiatist
City the greatest valug in the bottom part of its
trajectory does not exceed 0.01. Increasp to values
of the order 1 is possible only for very large noetéds

as great pressure of gas in a shock layer is infgess
because of destruction. Therefore in calculatidms t
assumption about an optically thin shock layer is
accepted. It simplifies the formula (2), which bews
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Here unlike (2) the second composed is calculated
already by integration on a visible part of the od
surfacez” (instead of onz,") as inside of voluma&v
radiation is not absorbed.

4. LUMINESCENCE OF HOT GASAREA

Calculations of a luminescence of the perturbedv flo
region about sphere in the assumptions describedeab
are fulfilled.

Let's copy the formula (3), having transferred
integration on frequency under a sign on integratia
volume and surface. We shall receive
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Considering that the radiating volume has the fafm

the body of rotation extended along aXiz, it is
convenient to copy (4) in a following kind:
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having united in one integral the contribution teirnal
points of volume and points of the body surface
Function

F(z)= [G()do
o (z)

gives a certain notion about the contribution ofias
sites of the perturbed flow region about spher¢hto
full radiation flux. ValueF(2)dz is equal to a radiation
flux from cylindrical volume with the area of theadis
0(2) and heighdz For 0< z < 2R this value comprises
radiation of a surfacee® which in resulted below
examples is calculated as radiation of absolutégko
body with constant temperature.

(6)

It is shown that the greatest contribution to theiation
flux gives a shock layer on a forward part of sghén
the field of the middle section, functidh (z) quickly
decreases and remains small in the wake. Predjictabl
the contribution of the body surface is insignifita



5. LIGHT POWER OF A METEOR

Intensity of a meteor is convenient to describealfull

light power
| = j gds,
S
where S is a sphere of radiuls with the center in the
light source. Neglecting the shadow region, i.e.
including emission of light identical in all diréahs, we
shall receive

(7)
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where W and Z are the full volume of the perturbed
flow, and full body surface.

Regular calculations of light power of the radigtin
volumely, were fulfilled. The valudy is determined as
a function of the body radius, its speed and derit
the atmosphere at height of flight. The receiveslite
are approximated by following expression:

l, = 58400"R3*(v, /10)?° pt°

9)
wherely, is defined in wattsR is in metersV,, is in
km/s,p., is in kg/nft.

The formula (9) can be used in following ranges of
parametersR O [0.01, 1],V., O [8, 18], p. [ [8.10%
2.10%.

The formula (9) was used for comparison with
observable luminosity of the Lost City fireball [3]
Satisfactory  conformity  of calculations and
observations, mainly for the bottom part of the
trajectory is shown. Distinction of data in the fogrt of
the trajectory arises owing to the assumption of
equilibrium flow in the shock layer about body anca
trace behind it.
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Figure 1. Comparison of calculations (9)  with
observable luminosity (solid lines) of the Lost City
fireball.
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